Research studies as well as the experience of individual ranch operators have shown that range land has a great potential for increased production.
It is known that reseeding, weed and brush control, and proper management can do much to improve the range and increase the return per acre of land. A few recent studies on the use of fertilizers on native grasslands have indicated that here also may be a method of range improvement and of increasing the return per acre.
Unfortunately there is very little research information ,available on fertilization of native grass, especially in the Northern Great Plains region. Most of the studies have been with seeded grasses and results have been obtained only in terms of herbage yields. Results of these studies have shown, in general, that the response of seeded cool-season grasses to nitrogen in particular, even under low rainfall conditions, makes the use of this fertilizer economically feasible in many cases.
One of the few reports from the Great Plains region on t.he effect of nitrogen fertilizer on gains was made by McIlvain and Savage (1950) . Their work at the U. S. Southern Great Plains Field Station, Woodward, Oklahoma, showed that ammonium nitrate applied to weeping lovegrass at 30 pounds of nitrogen per acre in 1947 and 53 pounds in 1948, increased grazing capacity 33 percent and gain of yearling steers per acre by 37 pounds. Another experiment with fertilizers on native range in the Great Plains is being conducted in western South Dakota at the Range Field Station near Cottonwood. A progress report by Westin, Buntley and Brage (1955) for the 1952-54 period showed that good responses in forage yields were obtained from the application of 20, 40, and 80 pound rates of nitrogen per acre on pastures that had been grazed at heavy, moderate and light intensities.
IResearoh investigations of the 'Crops
The greatest response was obtained on the heavily grazed pasture, where 80 pounds of nitrogen were applied per acre annually. This treatment produced 3,165 pounds more hay per acre over the 3-year period than the check plots.
Their studies also showed that 80 pounds of nitrogen per acre applied once in three years produced more hay per unit of nitrogen than 80 pounds applied every year for three years. All rates of nitrogen produced residual effects for a period of three years. Marked increases were obtained in the percentage of protein from the higher rates of nitrogen.
Williams
(1953) conducted a fertilizer experiment on upland prairie near Lincoln, Nebraska. He found the application of 60 pounds of nitrogen per acre raised the crude protein and phosphorus levels in most grasses, especially at the earlier stages of growth. Nitrogen-treated cool-season grasses were higher in crude protein at growth stages up to jointing time than were nitrogen-treated warmseason grasses at corresponding growth stages. The application of nitrogen fertilizer also resulted in greatly increased dry matter yields.
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Climate, Soil and Vegetation
The climate of the area where the present study is located does not differ greatly from that of other sections of the Northern Great Plains. Temperatures reach extremes in both winter and summer, rainfall is limited, strong drying winds are common, and there are frequent drought periods.
Normally about half of the annual rainfall comes in May, June, and July, and the seasonal precipitation from April 1 to September 30 is about three-fourths of the annual. The annual rainfall, as shown in Table 1 (Fig. 1) . Observational notes indicated that on the average there was sufficient growth on the fertilized plots to support grazing 10 days earlier than on the check plots.
Yields obtained during the conrse of the rxprriment are shown in Table 2 . It is interesting to note that in the heavily grazed pasture, vhrre thp vegetation had changed from a typical mid-gram type to almost pure blue gra",a due to heavy grazing, yields wrc cxtremely low the first year for the check plots. The blue grama aas also reduced in vigor due to close grazing.
The application of 30 pounds of nitrogen per acre approximately doubled the yield the first gear.
Ninety pounds more than tripled it. Remnant western wheatgrass plants made a rapid recoverv and accounted for most of the &ld incrrasr. In the moderately grazed pasture, where the wpetation was in excellent condition at the start of the experiment with a high percentage of western wheatgrass. the yields of the check plots were considerably higher. The percentage increase due to nitrogen application was not 8s high as in the heavily grazed pasture, but the total yields wrrre greater. Since the vegetation was in a more viporous condition at that time, yields naturally ,vwe mow.
In 1952, when rainfall ~~l-as much brlow normal,~ yields were extremely loxl-m the moderately grazed pasture. I\loisturr shortage, RS shovn by moisture samples, ~8,s more pronounced because of the previous extraction of soil moisture by a deeper rooted, more vigorous grass cover.
Soil moisture was actually higher at the deeper depths in the heavily grazed pasture, aherr a wdnced root system had extracted 1~5s moisture previ- ous to the dry weather than that in the moderately grazed pasture.
With the application of nitrogen, a more extensive root system developed which could tap the soil moisture at the deeper depths. Natural increase in vigor of the grass in the heavily grazed pasture resulted in increased yields over the previous year in spite of the extreme shortage of rainfall. Precipitation was much above normal in 1953 and yields were extremely high in both pastures. The importance of moisture in relation to yield is shown by the fact that the check plots in the heavily grazed pasture yielded more than fertilized plots in previous years. Over a 4-fold increase in yield above the check plots was produced by the plots receiving 90 pounds of nitrogen. The extremely high yield was probably due partially to a residual effect of nitrogen from the preceding year, when growth was limited due to drought. Response to nitrogen continued to be marked from 1954 through 1956.
The 6-year average shows that in both pastures, yields were approximately doubled by the annual application of 30 pounds of nitrogen per acre. Ninety pounds approximately tripled the yields.
The increases in pounds of hay per pound of nitrogen applied are shown in Table 3 . On the basis of hay production, the data indicate at 5% level-210 pounds at 1% level-348 pounds a higher return per unit of nitrogen from the 30 pound rate of application than from the 90 pound rate. For hay production only, nitrogen fertilizer would be on the border line of being economical at present-day prices, since it would take an approximate increase of 20 pounds of hay per acre for each pound of nitrogen applied. Other factors which may be of greater economic importance than hay production must be considered in the determination of the possibilities for profitable use of nitrogen fertilizer on native range. Some of these factors will be considered in this paper.
One of the evident advantages of the use of nitrogen was the beneficial effect it had on the vegetation in the heavily grazed pasture. Yields in this pasture from plots isolated from grazing and harvested for hay every year but reMost of the increase in yield was due to the increased amount of western wheatgrass. In 1956, 83.5 percent of the herbage from the plots receiving 90 pounds of nitrogen in the heavily grazed pasture consisted of western wheatgrass, while only 57.5 percent of the herbage from plots protected from grazing six years without fertilization was western wheat. The herbage from plots protected from grazing only in 1956 contained just 9.4 percent western wheat. It should be pointed out that under the system of harvesting used, the basal cover or density was greatly reduced in the heavily fertilized plots. Blue grama, which is a short growing, high density species, was thinned out because of the shading effect and competition of the taller western wheatgrass. In this experiment, as in many others, there was a definite need for grazing trials to measure the total effects of fertilization.
The removal of top growth of western wheatgrass throughout the season by grazing animals would have greatly altered the effects of shading and competition.
In addition to response to nitrogen in increased yields, protein .
Ta'ble 3. Increase in pounds of hay pel acre for each pouml of nitrolgen applie$ from plots fertilized at two rates of titrogen in a heavily grazed and moderately grazed pasture.
ceiving no fertilizer are given in Table 4 . There was a natural recovery in vigor and an increase in western wheatgrass, which was an indication of an improved range condition. Even so, two years of fertilization with 90 pounds of nitrogen each year did more to improve the range condition and to increase yields than six years of complete isolation from grazing. Table 4 . Yield in polnnds of hay per acre frolm plots isolated from gra'zing each year in a heavily grazed pa'stnre. Year  One,   1956  256  1955  248  1954  398  1953  344  1952  180  1951  259   Two  Three   528  603  690  524  489  733  659  1243  321  ---Four  Five   528  679  677  751  1172  -------Six   739  ----- content of the herbage was considerably higher for those plots receiving the high rates of application. Here again grazing tests were needed to determine whether increased protein in the herbage would have increased gains beyond those based strictly on amount of dry matter produced. Table 5 shows the percentage crude protein each year from 1952 through 1956 for the plots in both the heavily grazed and moderately grazed pastures. In some years the 30 pound application of nitrogen tended to decrease the percentage protein of the herbage below that from the check plots. This was probably the result of growth stimulation in the plants without sufficient nitrogen accumulation beyond the actual needs of the plants for growth. There evidently was a dilution effect on the nitrogen in the plants resulting in a lower percentage of protein.
Number of years isolated from grazing
'
Discussion and Conclusions
Many of the research studies that have been carried on indicate that range fertilization has a greater chance of successful application in the Northern Great Plains than in more southern regions of the Plains, or in many other areas in the west. The reason for this is that native grass in the northern Plains consists of a mixture of both cool-and warm-season grasses. The cool-season grasses show a marked early spring response to the application of nitrogen fertilizer, even on soils high in total nitrogen, because of the lack of available nitrogen from nitrification under the low soil temperatures that exist. Later on in the season, warm-season grasses will provide much of the forage needed for livestock use. Even though moisture is limited in the northern Plains, there is generally sufficient moisture in the early spring for plants to be able to take advantage of nitrogen that is applied artificially. Studies at Mandan have shown that, even after 32 years of heavy grazing, the total soil nitrogen under native grass has not been reduced below that in non-grazed areas or in moderately grazed pastures. Production, especially in the early part of the growing season, appears to be influenced primarily by available nitrogen and available soil moisture.
It has been demonstrated that the use of fertilizers can be economically profitable in the west on mountain meadows, sub-irrigated meadows, on irrigated pastures, and on seeded pastures of coolseason grasses. Full scale research would now seem justified on the problem of increased production of native range land. The meager information available is not overwhelming evidence in favor of the use of fertilizer, but it does indicate great possibilities. If the fertility level can be balanced with the supply of soil moisture, the efficiency of use of both moisture and fertilizer would be increased.
Nitrogen fertilizer can be used along with other range management methods as an effective tool in range improvement. Many of the present-day management methods have been designed to maintain the production of range land. Fertilizer use points up the possibilities of increased production.
Because of the vast size of the Northern Plains, even a small increase in production per unit of area would amount to great economic value to the area as a whole. Many other advantages could well accrue from the use of commercial nitrogen, including a longer grazing period, better distribution of livestock over the range, and the maintenance of a better ecological complex of species.
Results of this study indicate' a great potential for more efficient range production and increased returns per acre by the proper use of range fertilization in the Northern Great Plains, where the major portion of the land is in grass.
Summasy
The effects on native range production from the annual application of two rates of nitrogen compared to no nitrogen on a heavily and moderately grazed pasture were studied for a period of six years at the U. S. Northern Great Plains Field Station.
On the heavily grazed pasture, 90 pounds of nitrogen per acre applied annually produced an The increase in yield resulting from nitrogen fertilization was due primarily to the increase in western wheatgrass. This grass showed a marked response because of the readily available nitrogen in the early spring, when low soil temperatures did not permit a rapid rate of natural nitrification, and because of its cool-season growth habits.
A greater return in pounds of hay produced per pound of nitrogen applied was obtained from the 30 pound rate than from the 90 pound rate.
Two years of fertilization of a heavily grazed pasture at the 90 pound rate of nitrogen did more to improve range condition and production than six years of complete isolation from grazing.
The crude protein level in the herbage was higher every year from the plots receiving 90 pounds of nitrogen than from the check plots but was lower in some years in the plots receiving 30 pounds of nitrogen because of a dilution effect.
